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(54) Module for blood purification blood purification, membrane and its production 



(57) A blood purification membrane having a mem- 
brane thickness of 1 0 to 35 \im, an inner diameter of 1 00 
to 300 jim, a porosity of 50 to 85%, a water permeability 
(ultrafiltration rate) at 37°C of not less than 20 
ml/m2 • Hr • mmHg and a sieving coefficient of albu- 
min of not more than 0.01 , a substantially homogeneous 
interior structure, and a smooth surface structure. A 
process for producing the membrane and a module are 
also provided. 
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Description 

The present invention relates to a blood purification membrane used for hemodialysis, etc., a process for producing 
the blood purification membrane, and a module for blood purification using the blood purification membrane. 

5 Specifically, the present invention relates to a blood purification membrane suitable for the treatment of a large 

amount of water removal, which can maintain stable removal of a large amount of water in hemodiaf iftration and hemo- 
firtration as well as conventional hemodialysis for the treatment of chronic renal failure and can efficiently remove uremic 
toxins such as p2 -microglobulin by dialysis or filtration as well as the treatment of a large amount of water removal, a 
process for producing the blood purification membrane, and a module for blood purification using the blood purification 

10 membrane. 

Hemodialysis has mainly been can led out as maintenance therapy for patients with chronic renal failure. However, 
because hemodialysis removes uremic toxins only by diffusion, it insufficiently removes low molecular weight proteins 
having a molecular weight of not less than 1 0,000 although it sufficiently removes low molecular weight substances such 
as urea. Dialysis complications such as dialysis related amyloidosis, pain, etc., are therefore inevitable, and increases 

is patients' pain. In view of the above, in order to actively remove low molecular weight proteins having a molecular weight 
of not less than 1 0,000 that is considered to cause the above complications, attention has been paid to blood purification 
carried out at an increased filtration flow rate, such as hemofiltration (hereinafter referred to as HF) or hemodiaf titration 
(hereinafter referred to as HDF). 

High ultrafiltration rates are required to obtain high filtration flow rate (hereinafter referred to as Qf). Factors affecting 

20 such ultrafiltration rates include protein concentrations and hematocrit values in the blood, as well as blood flow rate 
which are controllable. Because increasing blood flow rate can increase Qf, blood flow rate is often increased to 250 to 
400 ml/min from the normal level (200 ml/min) in HF and HDF However, old or poorly-built patients generally have small 
blood vessels, and their possible blood flow rate is at most 200 ml/min, normally about 150 ml/min. When these patients 
undergo HF or HDF, it is necessary to prolong the treatment time or give up necessary filtration. Therefore, the patients 

25 have to spend long hours on such therapy, and such therapy sometimes provides insufficient therapeutic effects. 

In addition, the filtration of blood containing hemocyte and proteins sometimes cause membrane plugging, protein 
adsorption or its gel layer formation on the membrane surface. The protein adsorption or its gel layer formation induces 
a polarized protein layer, the so-called secondary layer, on the blood side of the membrane. Thus, increased filtration 
flux in hemofiltration causes membrane plugging, which decreases the solute-removing ability of the membrane, and 

30 high Qf is impossible if the secondary layer is formed. 

In order to prevent deterioration of membrane performances caused by the membrane plugging, it is considered to 
be effective to (i) choose membrane materials that slightly adsorbs proteins, (ii) increase a shear rate of the blood flow, 
(iii) make pores large, etc. In order to inhibit the formation of the polarized protein layer on the blood side of the membrane, 
it is considered to be effective (i) to smooth the inner surface of the membrane, (ii) not to increase transmembrane 

35 pressure (TMP), etc. 

Various solutions for the above problems have been proposed. For example, JP-A 1 -94902 discloses a polysulfone 
asymmetric hollow-fiber membrane that has excellent dialysis performances and causes a small time-course decrease 
in the filtration rate during the use for many hours. However, because the membrane removes p2-microglobulin (here- 
inafter referred to as p2-MG) by adsorbing p2-MG to the membrane (claim 2 on page 1 , and lines 3-1 1 of the lower left 

40 column on page 5), there is a limit of the amount of P2-MG that the membrane can remove (i.e., adsorption saturation 
limit). Even if p2-MG is removable, it is uncertain whether the membrane can remove harmful substances (e.g., uremic 
toxins) having several thousands to scores of thousands of molecular weights other than P2-MG. Thus, the membrane 
does not necessarily remove such uremic toxins sufficiently. 

JP-B 5-69571 discloses a polysulfone asymmetric hollow fiber membrane having excellent resistance to heat and 

45 chemicals and having a skin layer as an outer surface. However, the membrane having a skin layer as an outer surface 
is originally used to remove CRUD in nuclear power generation (page 2, left column, lines 8-15). Because it is necessary 
to flow blood outside of the hollow-fiber membrane when the membrane is used for hemodialysis, etc., the blood comes 
into contact with part of the module other than the hollow f foer membrane, the blood to be treated is damaged, homo- 
geneous blood flow cannot be maintained, and the dialysis efficiency decreases. Thus, the membrane is considered 

so unsuitable for hemodialysis / filtration, etc. 

JP-B 5-54373 discloses an asymmetric hollow-fiber membrane for the treatment of blood having excellent solute- 
permeability. The membrane has excellent dialysis removability and clearance even at a high Qf. However, the results 
in the publication show that the clearance even of low molecular weight substances such as urea is decreased at the 
end of the dialysis from the clearance at the beginning of the dialysis (Table 1 on page 10, Center B). It is considered 

55 impossible to stably remove harmful low molecular weight proteins such as P2-MG. 

As described above, the prior art methods have not yet provided blood purification membranes that can remove 
uremigenic substances such as p2-MG while maintaining stable Qf during the therapy of removing a large amount of 
water such as HDF. The therapeutic effects of HF or HDF have been unsatisfactory. 
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The main object of the present invention is to provide a blood purification membrane that can produce high Qf and 
has stable and excellent solute-removing performances even at high Qf without increasing blood flow rate, and can 
efficiently remove harmful low molecular weight proteins such as p2-MG in the therapy of removing a large amount of 
water such as HDF or HF, a process for producing the blood purification membrane, and a module for blood purification 
5 using the blood purification membrane. 

This object as well as other objects and advantages of the present invention will become apparent to those skilled 
in the art from the following description with reference to the accompanying drawings. 

Fig. 1 is a diagram of an oblique view of the hollow-fiber blood purification membrane. 

Fig. 2 is a diagram of an oblique sectional view along the line A-A of the hollow-fiber membrane in Fig. 1 . 
io Fig. 3 is a 5000-power scanning electron microscope photograph of the inner surface of the hollow-fiber membrane 
obtained in Example i. 

Fig. 4 is a 5000-power scanning electron microscope photograph of the outer surface of the hollow-fiber membrane 
obtained in Example 1. 

Fig. 5 is a 300-power scanning electron microscope photograph of a part of the oblique sectional view of the hollow- 
75 fiber membrane obtained in Example 1 . 

Fig. 6 is a 5000-power scanning electron microscope photograph of the inner surface of the hollow-fiber membrane 
obtained in Comparative Example 1. 

Fig. 7 is a 5000-power scanning electron microscope photograph of the outer surface of the hollow-fiber membrane 
obtained in Comparative Example 1. 
20 Fig. 8 is a 1 50-power scanning electron microscope photograph of a part of the oblique sectional view of the hollow- 
fiber membrane obtained in Comparative Example 1 . 

Fig. 9 is a 5000-power scanning electron microscope photograph of the inner surface of the hollow-fiber membrane 
obtained in Comparative Example 2. 

Fig. 1 0 is a 5000-power scanning electron microscope photograph of the outer surface of the hollow-fiber membrane 
25 obtained in Comparative Example 2. 

Fig. 1 1 is a 300-power scanning electron microscope photograph of a part of the oblique sectional view of the hollow- 
fiber membrane obtained in Comparative Example 2. 

The present inventors have intensively studied on the relationship between the membrane structure of membranes 
and membrane plugging or the so-called secondary layer formation in the treatment of blood to achieve the above objects. 
30 As a result, it has been found that a membrane having a substantially homogeneous interior structure with a thickness 
within a certain range and improved smoothness of the membrane surface can inhibit membrane plugging and polarized 
protein layer formation on the blood side of the membrane, and thereby improve the stability of ultrafiltration rate and 
separability and maintain high ultrafiltration rate and separability. 

That is, the present inventors have obtained the following findings and assumptions. 

35 

1 . When the interior of the membrane has a heterogeneous structure, the separation with the membrane occurs 
only in the active layer of the membrane surface. Therefore, when local defects or fluctuations at the separation are 
occurred on the membrane surface, the membrane is readily plugged around that parts. In particular, in the case 
of the filtration of blood, containing a large amount of hemocytes and proteins, the plugging or fouling has very 

40 significant effects. On the contrary, when the entire membrane has a homogeneous structure, the filtration is sup- 
ported by the entire membrane. Therefore, even when a part of the membrane surface has the above defects, the 
entire membrane can make up for the defects and the progress of the above fouling can be inhibited. 

2. A thin membrane having a thickness within a certain range can reduce resistance to solute-permeation in hemo- 
filtration, and maintain high ultrafiltration rate. 

45 3. It is generally known that, when blood is flowed through a membrane, protein adsorption layers are always formed 
on the membrane surface in contact with the proteins and a secondary layer is formed on the adsorption layer. The 
formation of the secondary layer can be inhibited by decreasing the membrane thickness to reduce resistance to 
permeation, and by making the membrane surface smooth to obtain smooth adsorptive layers (in this case a degree 
of smoothness of adsorptive layers means the smooth flow order, not protein size order). The inhibition of the sec- 
50 ondary layer formation can maintain high ultrafiltration rate. 

Thus, in order to ensure stable filtration properties in blood purification, particularly in blood purification at high 
Qf for removing a large amount of water, the following factors are important: i) the membrane structure is homoge- 
neous, ii) the membrane is a thin membrane having a thickness within a certain range, and iii) the membrane has 
a smooth surface. 

55 In addition, the membrane having a homogeneous structure has the following advantages. When the membrane 

has a heterogeneous structure, for example, when membrane is composed of hydrophobic and hydrophilic polymers, 
the hydrophilic polymer in the membrane effuses through large pores of the membrane. This sometimes causes 
problems such as changes in membrane performances and a large amount of effusions from the membrane. How- 
ever, when the membrane has a homogeneous structure, the hydrophilic polymer in the membrane is confined in 
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the membrane structure and thus tightly fixed, and the above problems are not caused. In addition, when the het- 
erogeneous membrane has large pores on the outer surface of the membrane, there is a fear of problems such as 
the contamination of foreign substances such as endotoxin from the dialyzate side. However, there is no such fear 
in the case of homogeneous membranes. 

5 It is difficult to accurately and objectively quantify the homogeneity of the interior structure of the membrane 

and the smoothness on the membrane surface by current technology. In the present invention, the substantially 
homogeneous interior structure of the membrane means that observation of the cross section of the membrane 
with a microscope reveals a homogeneous structure with no clearly recognizable structure such as finger-like or 
stitch structure (i.e.. with no pores). The smooth surface structure of the membrane means that observation of the 

io membrane surface with a 5000 -power scanning electron microscope reveals no clearly recognizable pores or une- 
ven ness. The magnification of 5000 is used because, when the magnification exceeds 5000, membrane-constituting 
polymers show tendency to melting with heat evolved from the electron beam. 

In addition, the present inventors have obtained the following findings and assumptions in the process of the 
study on the smoothness on the membrane surface. 

15 4. The membrane with a smooth surface and more homogeneous size of pores on the membrane surface has a 
more small maximum pore diameter when compared with membranes with the same mean pore diameters. There- 
fore, as described above, the membrane with a smooth surface and homogeneous size of pores on the membrane 
surface can reduce the thickness of the so-called secondary layer which is formed when blood is flowed through 
the membrane, and thereby can maintain filtration properties for low molecular weight proteins such as p2-MG and 

20 inhibit the reduction in the filtration properties even at high Qf. 

5. When the membrane has a very good smoothness on the membrane surface and/or low heterogeneity in pore 
shape, the membrane can reduce the additional accumulation of proteins on the formed secondary layer, and inhibit 
the reduction of the water-permeability in hemof iltration. 

6. The maximum filtration flow rate (Of) in hemofiltration can be controlled by controlling the pore size within the 
25 range in which the smoothness of the membrane surface is maintained. 

However, as described above, it is very difficult to quantify the membrane structure by current technology. In the 
present invention, the membrane structure is therefore characterized by its characteristic values. That is, in the present 
invention, ^-microglobulin retention is used for the above item 4, ultrafiltration rate retention is used for the above item 
30 5, and Qf is used for the above item 6. 

In addition, the present inventors have found that, when the above membrane is a hollow-fiber membrane, a hollow- 
fiber membrane having highly smooth inner surface can be obtained by the air-gap spinning method using a gas as a 
bore-forming agent at a higher gas temperature than the coagulable liquid temperature. 

The reason for this is unclear, but it can be considered as follows. In the air-gap spinning supplying an increased 
35 temperature gas into the center of the hollow-fiber membrane promotes the coagulation because some of the solvent 
vaporize in the spinning dope present near the surface in the hollow-fiber membrane. In addition, the difference in tem- 
perature between the coagulable liquid and the gas, causes rapid coagulation, the pores in the membrane becomes so 
small and homogeneous in size within the range described above, and less heterogeneity in pore shape is obtained. 

In addition, it can be considered that the spinning with essentially no stretching provides less heterogeneity in pore 
40 shape, and addition of glycerin as a nonsolvent to the spinning dope gives more homogeneous distribution of the dis- 
solved polymer and more homogeneous pore size of the membrane. 

After further studies based on these findings, the present invention has been accomplished. 

The present invention provides a blood purification membrane having a membrane thickness of 10 to 35 \im, an 
inner diameter of 100 to 300 ^m, a porosity of 50 to 85%, a water permeability at 37°C of not less than 20 
45 ml/m 2 • Hr • mm Hg and a sieving coefficient of albumin of not more than 0.01, a substantially homogeneous interior 
structure, and a smooth surface structure. 

When hemofiltration is carried out by flowing bovine blood having a hematocrit value of 30% and a protein concen- 
tration of 7 g/dl through a module packed with the membrane of the invention at a flow rate of 200 ml/min, the retention 
of a sieving coefficient of p2- microglobulin in the hemofiltration at a filtration f tow rate of 50 ml/min to a sieving coefficient 
so of p2-microglobulin in hemofiltration at a filtration flow rate of 10 ml/min is preferably not less than 60%. 

When hemofiltration is carried out at a filtration rate of 50 ml/min by flowing bovine blood having a hematocrit value 
of 30% and a protein concentration of 7 g/dl through a module packed with the membrane of the invention at a flow rate 
of 200 ml/min, the retention of an ultrafiltration rate 5 hours after the beginning of the hemofiltration to an ultrafiltration 
rate 1 5 minutes after the beginning of the hemofiltration is preferably not less than 80%. 
55 When hemofiltration is carried out at a transmembrane pressure (i.e., the differential between the pressures on both 
sides of the membrane) of 300 mmHg by flowing bovine blood having a hematocrit value of 30% and a protein concen- 
tration of 7 g/dl through a module packed with the membrane of the invention at a flow rate of 200 ml/min, the filtration 
flow rate (Qf) per module is preferably not less than 70 ml/min. 
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The main materials of the hemocatharsis membrane of the invention are preferably composed of one or more pol- 
ymers selected from polysuKone polymers and cellulose polymers, and those derivatives. 
The hemocatharsis membrane of the invention is preferably a hollow-fiber membrane. 

The present invention also provides a membrane having a membrane thickness of 10 to 35 fim, an inner diameter 

5 of 100 to 300 jim, a porosity of 50 to 85%, a water permeability (ultrafiltration rate) at 37°C of not less than 20 
ml/m 2 • Hr • mmHg, a sieving coefficient of albumin of not more than 0.01 , and a sieving coefficient retention of not 
less than 60%, said sieving coefficient retention being a ratio of a sieving coefficient of ^-microglobulin in hemof ittration 
at a filtration flow rate of 50 ml/min to a sieving coefficient of ^-microglobulin in hemof iltration at a filtration flow rate of 
10 ml/min when the hemofiltration is carried out by flowing bovine blood having a hematocrit value of 30% and a protein 

io concentration of 7 g/dl through a module packed with the membrane at a flow rate of 200 ml/min. 

The present invention also provides a membrane having a membrane thickness of 10 to 35 \im, an inner diameter 
of 100 to 300 jim, a porosity of 50 to 85%, a water permeability (ultrafiltration rate) at 37°C of not less than 20 
ml/m 2 • Hr • mmHg, a sieving coefficient of albumin of not more than 0.01 . and an ultrafiltration rate retention of not 
less than 80%, said ultrafiltration rate retention being a ratio of a water ultrafiltration rate in hemofiltration at a filtration 

is flow rate of 50 ml/min to a water ultrafiltration rate in hemofiltration at a filtration flow rate of 10 ml/min when the hemo- 
filtration is carried out by flowing bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl 
through a module packed with the membrane at a flow rate of 200 ml/min. 

The present invention also provides a membrane having a membrane thickness of 10 to 35 jim, an inner diameter 
of 1 00 to 300 ^m, a porosity of 50 to 85%, a water permeability (UFR) at 37°C of not less than 20 ml/m2 ♦ Hr • mmHg, 

20 a sieving coefficient of albumin of not more than 0.01 , and a filtration flow rate per module of not less than 70 ml/min 
when hemofiltration is carried out at a transmembrane pressure of 300 mmHg by flowing bovine blood having a hematocrit 
value of 30% and a protein concentration of 7 g/dl through a module packed with the membrane at a flow rate of 200 
ml/min. 

The present invention also provides a process for producing a hollow-fiber membrane by air-gap spinning method, 
25 which comprises extruding a spinning dope from a tube-in-orrfice spinneret, introducing a gas as a bore-forming agent 
into the center of the spinneret, passing the extruded spinning dope through the air, and coagulating the dope through 
a coagulable liquid, the temperature of said gas being at least 20°C higher than the temperature of the coagulable liquid. 
In the process of the invention, the spinning is preferably carried out with substantially no stretching. 
In the process of the invention, glycerin is preferably added to the spinning dope as a nonsolvent 
30 The present invention also provides a module packed with any one of the membranes described above in a packing 
ratio of 40 to 80% and an effective membrane area of 0.9 to 2.5 m 2 . 

The thickness of the membrane of the invention is 10 to 35 \xm. When the membrane thickness is less than 10 Jim, 
the strength of the membrane decreases, and it is difficult to keep the thickness constant, and the productivity significantly 
decreases. When the membrane thickness exceeds 35 jim, it is impossible to maintain homogeneous conditions for the 
35 phase separation in the membrane formation, and therefore a smooth inner surface cannot be obtained. The resulting 
non-smooth inner surface promotes the formation of the protein polar layers in hemofiltration, and increases filtration 
resistance. Particularly in the therapy in which a large amount of water is removed, the time-course decrease in the 
ultrafiltration rate increases, and it becomes difficult to maintain high performance for dialysis or filtration. 
The membrane thickness is preferably 15 to 35 \xm. 
40 The porosity of the membrane of the invention is 50% to 85%. When the porosity is less than 50%, sufficient per- 
formance for removing solutes are not obtained and the resulting membrane is unsuitable for blood purification. When 
the porosity exceeds 85%, the strength of the membrane decreases and thereby the productivity falls. 

The porosity is calculated as follows. After the membrane is washed with water for 1 to 2 hours, water on the mem- 
brane surface (in the case of hollow-fiber type membranes, water on the outer surface and water remaining in the bore) 
45 is removed, and the membrane is weighed (Weight A). After the membrane is completely dried at 105°C, the membrane 
is weighed (Weight B). The porosity can be calculated from the following equation. 

Porosity (%) = (Weight A - Weight B)/{(Weight A - Weight B)+(Weight B/p)} x 100 

so where p is specific gravity of the polymer. 

The inner diameter of the hollow-fiber membrane of the invention is 100 jim to 300 jim. The membrane having an 
inner diameter of less than 100 |im increases pressure drop on flowing of blood, damages the blood components, and 
sometimes causes hemolysis. In addition, there is a fear of the blood coagulation, which sometimes forms thrombus in 
the bore. When the inner diameter exceeds 300 jim, the bore is too large to maintain the hollow shape, and the produc- 
55 tivfty decreases. In addition, a decrease in the shear rate in the inner surface of the hollow-fiber membrane promotes 
the accumulation of proteins, etc., on the inner surface of the membrane as the filtration proceeds. 
The inner diameter is preferably 120 to 250 \im. 
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The water permeability (UFR) at 37°C of the membrane of the invention is not less than 20 ml/m 2 • mmHg • hr. 
When the pure water permeability (UFR) is less than 20 ml/m 2 • mmHg • hr, the water permeability (UFR) is insuf- 
ficient to remove a large amount of water in blood purification treatments. 

The pure water permeability (UFR) is preferably 30 to 500 ml/m2 • mmHg • hr. Within this range, the hollow-fiber 
membrane can efficiently be spun. 

The pure water permeability (UFR) can be determined as follows. 

Water (37°C) is flowed through a module packed with the hollow-fiber membrane at a transmembrane pressure of 
100 mmHg for 1 minutes to measure the filtration flow rate (Q). The water permeability (UFR) is calculated from the 
following equation. 

Water permeability (UFR) = Q (mi/min) x 60 (min/hr)/ (A (m 2 ) x 100 (mmHg)) 



where Q is a filtration flow rate (min/min), and A is an effective membrane area (m 2 ). 

The sieving coefficient of the membrane of the invention to albumin is not less than 0.01 . When the sieving coefficient 
75 exceeds 0.01 , albumin loss by blood purification treatment is too much. 

The sieving coefficient of albumin is determined using an albumin solution (5% by weight in saline, pH 7.2). 
The membrane of the invention has a substantially homogeneous interior structure. When the membrane has a 
heterogeneous interior structure, the separation with the membrane occurs only in the active layer of the membrane 
surface. Therefore, when partial defects or fluctuations at the separation on the membrane surface are produced, the 
20 membrane is readily plugged around that parts. In particular, in the case of filtration of blood, containing a large amount 
of hemocytes and proteins, these components have very significant effects on the plugging or fouling. On the contrary, 
the homogeneous membrane supports the filtration with the entire membrane and therefore, even when part of the 
membrane surface has the above defects, the entire membrane can make up for the defects and the above fouling can 
be inhibited. That is, when the membrane has a homogeneous structure, the filtration can be supported by the entire 
25 interior structure of the membrane, and stable dialysis filtration properties can be obtained. 

The substantially homogeneous interior structure of the membrane means that the hollow-fiber membrane has no 
asymmetry about the radial direction and cross section, and the hollow-fiber membrane has not only a symmetry about 
the radial direction, but also a homogeneous porous structure substantially in the wall of the membrane. In other words, 
the substantially homogeneous interior structure means that observation of the water-washed and freeze-dried mem- 
30 brane of the invention with a microscope reveals a homogeneous - sectional structure of the membrane without a finger- 
like or stitch structure, etc. 

When the membrane has a heterogeneous structure, for example, when the membrane is composed of hydrophobic 
and hydrophilic polymers, the hydrophilic polymer in the membrane effuses from large pores of the membrane. This 
effusion sometimes causes problems such as changes in membrane performances and a large amount of effusions 

35 from the membrane. However, when the membrane has a homogeneous structure, the hydrophilic polymer in the mem- 
brane is confined in the membrane structure and thus tightly fixed, and the above problems are not caused. In addition, 
when the heterogeneous membrane has large pores on the outer surface of the membrane, there is a fear of problems 
such as the contamination of foreign substances such as endotoxin from the dialyzate side. However, there is no such 
fear in the case of homogeneous membranes. 

40 The surface of the membrane of the invention has a smooth structure. The smoothness of the surface in contact 
with blood is especially important for preventing the fouling with proteins, etc. in hemof iltration and obtaining stably high 
filtration properties. 

When the membrane surface has an uneven structure, observation even with an atomic microscope is substantially 
difficult. Thus, observation with an SEM is a practical method for the evaluation of the membrane. 

45 Accordingly, the smooth surface structure of the membrane means that, after the membrane is washed with water, 
freeze-dried to maintain the membrane structure and then observed with a 5000-power electron microscope, no pores 
or unevenness are clearly recognized. 

The observation with a 5000-power SEM revealing no clearly recognizable pores or unevenness means that there 
are substantially no pores having a diameter of not less than 0.2 mm on a magnified photograph (x 5000), i.e., substan- 

50 tially no pores having a diameter of not less than 400 angstroms on the inner surface. The observation with a 5000- 
power SEM revealing no clearly recognizable pores or unevenness means that there is substantially no unevenness 
with a size of 1 mm on a magnified photograph (x 5000), i.e., substantially no unevenness with a size of not less than 
0.2 ^m on the inner surface of the membrane. 

When bovine blood containing an anticoagulant is flowed at a flow rate of 200 ml/mi n through the inside or outside 

55 of hollow-f foer membrane packed in a module in a packing ratio of 55% and a membrane area of 1 .5 m 2 to carry out 
hemof iltratin, there is substantially no differential between ultrafiltration rates (ml/min • mmHg) per module of the inside 
and outside of the membrane. This fact demonstrates the homogeneity of the membrane described above. 
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Because the membrane of the invention has also a smooth membrane surface on the dialyzate side in Wood puri- 
fication treatments, the contamination from the dialyzate side can be inhibited, and the uremic toxins can smoothly be 
transferred to the dialyzate. 

When bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl is flowed at a flow rate 

5 of 200 ml/min to carry out hemofiltration, the retention of the sieving coefficient of P2-MG (molecular weight: 1 1 ,600) at 
a filtration flow rate of 50 ml/min to the sieving coefficient of p2-MG at a filtration flow rate of 10 ml/min is not less than 
60%. When the retention is less than 60%, therapies, in which a large amount of water is removed, insufficiently remove 
uremic toxins having thousands to scores of thousands of molecular weights such as P2-MG, and provides insufficient 
therapeutic effects. 

io The above retention is preferably not less than 65%. 

The protein concentration and hematocrit value of bovine blood in the invention have significant effects on the ultra- 
filtration rate (UFR). In the present invention, the protein concentration and hematocrit value are defined based on the 
reported hematocrit value (25 to 30%) and protein concentration (6 to 7 g/dl) of bovine blood (37°C) used in the method 
for evaluating membrane performances compiled by the High-Performance Membrane Research Working Group. 

is When bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl is flowed at a flow rate 
of 200 ml/min through a module packed with the membrane of the invention to carry out hemofiltration, the sieving 
coefficient of P2-MG at a filtration flow rate of 10 ml/min is preferably not less than 0.5. When the sieving coefficient of 
P2-MG is less than 0.5, HF or HDF treatment can inefficiently remove uremigenic substances having thousands to scores 
of thousands of molecular weights such as p2-MG and provide insufficient therapeutic effects. 

20 The sieving coefficient of P2-MG is preferably not less than 0.55. 

When bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl is flowed at a flow rate 
of 200 ml/min through a module packed with the membrane of the invention to carry out hemofiltration at a filtration flow 
rate of 50 ml/min, the retention of the ultrafiltration rate (UFR) 5 hours after the beginning of the hemofiltration to the 
ultrafiltration flow rate 10 minutes after the beginning of the hemofiltration is not less than 80%. When this retention is 

25 less than 80%, the fouling of the membrane greatly decreases the filtration efficiency, and lowers the removing perform- 
ance. 

When bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl is flowed through a 
module packed with the membrane of the invention at a flow rate of 200 ml/min and a transmembrane pressure of 300 
mmHg, the filtration flow rate per module is not less than 70 ml/min. When the filtration flow rate per module is less than 
30 70 ml/min, HF or HDE treatment can inefficiently and insufficiently remove uremigenic substances having thousands to 
scores of thousands of molecular weights such as P2-MG. In this case, increasing the filtration flow rate by force raises 
the transmembrane pressure, it fears, that causes hemolysis. 

The ultrafiltration flow rate per module is preferably not less than 80 ml/min, more preferably not less than 85 ml/min. 
The materials for the membrane of the invention are not specifically limited. Examples thereof include cellulose 
35 polymers, polysulfone polymers, polyamide polymers, etc. In view of the aptitude for artificial kidney membranes, cellu- 
lose polymers and polysulfone polymers are preferred. Preferred examples of the cellulose polymers include cellulose 
acetate, cellulose triacetate, and cellulose. Preferred examples of the polysulfone polymers include polysulfone, poly- 
ether sulfone, and polyaryl sulfone. In particular, cellulose triacetate polymers and polyether sulfone are preferred 
because they have good balance between the hydrophilicity and hydrophobicity of the polymers and low adsorbability 
40 of proteins. 

The polymerization degree of the polymer is related to the smoothness of the membrane surface obtained. Cellulose 
triacetate polymers having a mean polymerization degree of not less than 300 provide preferred smoothness of the 
membrane surface. Polyether sulfbnes having a reduced viscosity (a substitute variable for a polymerization degree) of 
not less than 0.6 provide preferred smoothness of the membrane surface. 
45 When a polyether sulfone having high hydrophobicity is used as a polymer, a hydrophilic polymer such as polyvi- 
nylpyrrolidone or polyethylene glycol is preferably formulated to increase the hydrophilicity of the entire membrane. 

The process for producing the membrane of the invention is not specifically limited. The membrane can be obtained 
by conventional methods. For example, a polymer dope can be extruded onto a support to form a flat membrane. Alter- 
natively, a polymer dope can be extruded from a tube-in-orrfice spinneret (including a double-tubular or double-annular 
so spinneret) to form a hollow-fiber membrane. 

The hollow-fiber membrane of the invention is preferably prepared by the air-gap spinning method using gas as a 
bore-forming agent to form small pores with homogeneous size on the inner surface and to obtain smooth surface 
conditions. Examples of the gas used include nitrogen, helium, air, etc. In view of stable quality and supply, nitrogen is 
preferred. The temperature of the gas as a bore-forming agent is preferably at least 20°C higher than the temperature 
55 of the coagulable liquid to improve the smoothness of the membrane surface, and water-permeability, separability in 
hemodialysis filtration, etc. and their retention. 

Preferably, the hollow fibers are spun with substantially no stretching, i.e., the hollow f tiers are drawn without any 
compulsory stretching but only with the force necessary for drawing the spinning process, to inhibit deformation of the 
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pores formed on the membrane. The term "with substantially no stretching" means that stretching is not more than 1 0% 
in each step of the spinning. 

The hollow-fiber membrane of the invention can be produced, for example, as follows. However, the following process 
is not to be construed to limit the scope of the invention. 

5 The spinning dopes includes combinations of one or more polymers, combinations of one or more solvents, and 

combinations of one or more nonsolvents. 

In the spinning dope, the fraction of the total polymer is suitably 1 5 to 35% by weight. When it is less than 1 5%, the 
low viscosity of the spinning dope deteriorates spinnable properties. When it exceeds 35%, the phase separation occurs 
too fast. The fraction of the total solvent is preferably 30 to 70% by weight, and the fraction of the total nonsolvent is 

10 preferably 5 to 50% by weight. 

After the above spinning dope is heated to room temperature to 190°C to obtain a homogeneous solution, the 
solution is subjected to deaeration and filtration, and extruded from the outer orifice of a tube-in-orifice spinneret, and 
a dried gas heated to 50 to 160°C is supplied into the center (i.e., inner tube) at a constant rate. The extruded spinning 
dope is passed through the air in a distance of 1 to 20 mm, introduced to a coagulable liquid (5 to 60°C) bath to coagulate 

is the dope to form a membrane structure. The coagulated product is washed with water, passed through an aqueous 
solution of glycerin (30 to 60% by weight) to maintain the membrane structure, impregnated with glycerin, dried with a 
dryer, and rolled. 

The above solvents include so-called aprotic polar solvents such as N.N-dimethytformamide, N,N-dimethyIaceta- 
mide, ybutyrolactone, N-methylpyrrolidone, etc. These solvents can be used alone or in combination thereof. The non- 
20 solvents include inorganic salts, alcohols, etc. It is preferred to use glycols such as glycerin, ethylene glycol, triethylene 
glycol, polyethylene glycol, etc. alone or in combination. In particular, the nonsolvent is important for controlling the 
phase separation conditions. For example, it is preferred to control the phase separation conditions in the presence of 
glycerin. Secondary polymers such as polyvinylpyrrolidone, etc. may be added to the spinning dope. 

The above coagulable liquids include water, and aqueous solutions containing water, a solvent and nonsolvent used 
25 as the spinning dope. 

The performances of the hollow-fiber membrane can be controlled by so-called phase separation conditions such 
as the composition and temperature of the spinning dope, the composition and temperature of the coagulable liquid, 
and the concentration of glycerin for impregnation, etc. 

In order to obtain a hollow-fiber membrane having a homogeneous structure and smooth membrane surface, it is 
30 necessary to use a non-coagulable gas as a bore-forming agent, i.e., carry out spinning substantially in the absence of 
any inner liquids, in the step for the formation of the hollow-fiber membrane. The spinning is preferably carried out by 
the air-gap spinning method. The drawing distance in the air (i.e., a distance from the orifice to the surface of the coag- 
ulable liquid) is preferably short, for example, 1 to 20 mm. When the drawing distance in the air is zero, the membrane 
surface is rapidly coagulated to form wrinkles, which decreases the smoothness of the membrane surface. When the 
35 flowing distance in the air exceeds 20 mm, the hollow fibers readily break, and the pores on the inner surface of the 
membrane tends to be small and asymmetrical. 

After the extrusion of the dope, it is necessary to carry out the spinning step with substantially no stretching i.e., 
with stretching of not more than 10%, in each bath (e.g., coagulation bath, water-cooling bath, glycerin bath, etc.). 

The polymerization degree of the polymer is preferably high sufficient for spinning in the absence of any inner liquids. 
40 The polymerization degree of the polymer varies with the materials used. The polymers with a low polymerization degree 
cause some problems. For example, the resulting membrane has partial micropores on the membrane surface, and it 
is difficult to form a homogeneous and smooth membrane surface. 

The sieving-coeff icient (hereinafter referred to as SC) and ultrafiltration rate in blood (hereinafter referred to as UFR 
(B)) of the membrane of the invention can be determined as follows. 
45 Five thousand to twenty thousand hollow-fiber membranes or 50 to 300 flat membranes of invention are packed in 
a plastic molding to make a module. After this module is washed with physiological saline, bovine blood described above 
is flowed at 200 ml/min on the blood side. The pressures at the inlet and outlet on the blood side and the pressure on 
the dialysate side of the module are controlled so that the filtration flow rate per 1 .5 of the membrane area of the 
module is 10 to 50 ml/min. After hemofiltration, the following items are determined. 

50 

1. SCof P2-MG 

The Wood and filtrate at the inlet and outlet of the module are sampled at 15 minutes after the beginning of hemo- 
filtration at a filtration flow rate of 10 or 50 m!/min to determine the concentration of P2-MG by an enzyme immunoassay 
55 (e.g., Glazyme p2-Microglobulin - EIA Test, Wako Pure Chemical Industries, Ltd.), etc. The bovine blood used for the 
assay contains an appropriate amount of human - derived 02-MG. The sampled blood is centrifuged for the assay for 
P2-MG. 

SC of p2-MG is calculated from these concentrations of P2-MG according to Formula 1 below. 
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SC = ail / ((CI + Co)/2) (Formula 1 ) 

where Of il is a concentration of p2-MG in the filtrate, CI is a concentration of P2-MG at the inlet on the blood side of the 
module, and Co is a concentration of p2-MG in the plasma at the outlet on the blood side of the module. 

5 

2. The retention ratio of UFR (B) 

The pressures at the inlet and outlet on the blood side and on the filtrate side were measured 15 minutes and 5 
hours after the beginning of hemof iftraion at a filtration flow rate of 50 ml/min. 
w UFR (B) is calculated from these values according to Formula 2 below, and the retention of UFR (B) at 5 hours after 
the beginning of hemcfiliration to UFR (B) ai i5 minutes after the beginning of hemof iltrati on (i.e., the retention ratio of 
UFR (B)) is calculated. 

UFR (B) = Of / (Ax((PI+Po)/2-Pf il)) (Figure 2) 

15 

where Qf is an ultrafiltration flow rate (ml/hour), A is an effective surface area of the membrane (m 2 ), PI is a pressure at 
the inlet on the blood side of the module (mmHg), Po is a pressure at the outlet on the blood side of the module (mmHg), 
and Pf il is a pressure on the filtrate side of the module (mmHg). 

20 3. The sieving coefficient of albumin 

Albumin is dissolved to a concentration of 5% by weight in physiological saline to which a phosphate buffer has 
been added, and the solution is adjusted to pH 7.2. The albumin solution is flowed through the above module at a flow 
rate of 200 ml/min. The albumin concentrations at the inlet and outlet and filtrate of the module are determined by the 
25 BCG method at a filtration flow rate of 1 0 ml/min per 1 .5 m2. 

The sieving coefficient of albumin is calculated from the albumin concentrations according to Formula 3 below. 

SC = Df il / ((Dl + Do)/2) (Formula 3) 

30 where Df il is an albumin concentration in the filtrate, Dl is an albumin concentration at the inlet of the module, and Do 
is an albumin concentration at the outlet of the module. 

The following examples further illustrates the present invention in detail but are not to be construed to limit the scope 
thereof. 

35 Example 1 

The raw material composed of cellulose triacetate (19% by weight) having a mean polymerization degree of about 
360 (Cellulose Triacetate LT 1 05 of Daicel Chemical Industries, Ltd.), the solvent N-methyl-2-pyrrolidone (57% by weight) 
and the nonsolvent ethylene glycol (24% by weight) was heated to 180°C to obtain a dope solution. The dope solution 
40 was extruded from the outer orifice of the tube-in-orrfice spinneret, and nitrogen heated to 140°C was introduced into 
the center of the spinneret to obtain a hollow-fiber material. The hollow-ffoer material was passed through the air in a 
distance of 4 mm, and then introduced to a coaguiable liquid (20°C) bath (a mixture of water, N-methyl-2-pyrrolidone 
and ethylene glycol (= 63 : 26 : 1 1 by weight)) to complete the coagulation. Then, the coagulated materials were washed 
with water, impregnated with a glycerin solution (50% by weight), and dried with a dryer to obtain a hollow-fiber membrane 
45 having an inner diameter of 195 jim, a membrane thickness of 20 \im and a porosity of 80%. 

The inner and outer surfaces of the hollow-fiber membrane were observed with a scanning electron microscope 
(hereinafter referred to as SEM). As shown in Figs. 3 and 4, the inner and outer surfaces had a smooth structure with 
no recognizable pores or unevenness even at a magnification of 5000. A part (the interior of B line in Fig. 2) of the cross 
section (Fig. 2) of the hollow-fiber membrane along the line A-A shown in Fig. 1 was observed at a magnification of 300. 
so As shown in Fig. 5, it was confirmed that the interior of the membrane has a homogeneous structure. 

8400 hollow-fiber membranes were packed in a plastic molding, and both ends were hardened and fixed with an 
urethan adhesive to obtain a module. 

Blood (37°C, hematocrit value: 28%, protein concentration: 7 g/dl) was introduced into the module thus obtained at 
a flow rate of 200 ml/min to evaluate the performances of the hollow-f ber membrane. The results are shown in Table 1 . 

55 

Example 2 

The raw material composed of polyether sulfone (20% by weight) (a reduced viscosity in a dimethylformamide solu- 
tion (1% by weight) thereof being 0.62), polyvinylpyrrolidone (K-90)(5% by weight), the solvent N-methyl-2-pyrrolidone 
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(37.5% by weight) and the nonsolvent polyethylene glycol # 200 (37.5% by weight) was heated to 1 10°C to obtain a 
dope solution. The dope solution was extruded from the outer orifice of the tube-in -orifice spinneret, and nitrogen heated 
to 80°C was introduced into the center of the spinneret to obtain a hollow-fiber material. The hollow-ffoer material was 
passed through the air in a distance of 7 mm, and then introduced to a coagulable liquid bath (15°C) (a mixture of water, 
5 N-methyl-2-pyrrolidone and polyethylene glycol # 200 (= 70 : 1 5 : 1 5 by weight)) to complete the coagulation. Then, the 
coagulated material was washed with water, impregnated with a glycerin solution (50% by weight), and dried with a 
dryer to obtain a hollow-fiber membrane having an inner diameter of 201 jim, a membrane thickness of 21 \im and a 
porosity of 78%. 

As in Example 1 , observation of the hollow-fiber membrane with an SEM confirmed that the membrane thus obtained 
w has a smooth structure of the inner and outer surfaces with no recognizable pores or unevenness even at a magnification 
of 5000, and that the interior of the membrane has a homogeneous structure. 

The properties of the hollow-fiber membrane of the module obtained were evaluated in the same manner as that 
described in Example 1. The results are shown in Table 1. 

is Example 3 

The raw material composed of polyether sulfone (27% by weight) (a reduced viscosity in a dimethylformamide solu- 
tion (1% by weight) thereof being 0.7), polyvinylpyrrolidone (K-90)(3% by weight), the solvent N-methyl-2-pyrrolidone 
(42% by weight) and the nonsolvent polyethylene glycol # 200 (28% by weight) was heated to 140°C to obtain a dope 

20 solution. The dope solution was extruded from the outer orifice of the tube-in-orifice spinneret, and nitrogen heated to 
120°C was introduced into the center of the spinneret to obtain a hollow-fiber material. The hollow-fiber material was 
passed through the air in a distance of 3 mm, and then introduced to a coagulable liquid (30°C) bath (a mixture of water, 
N-methyl-2-pyrrolidone and polyethylene glycol # 200 (= 70 : 18 : 12 by weight)) to complete the coagulation. Then, the 
coagulated material was washed with water, impregnated with a glycerin solution (50% by weight), and dried with a 

25 dryer to obtain hollow-fiber material having an inner diameter of 200 urn, a membrane thickness of 30 [im and a porosity 
of 68%. 

As in Example 1 , observation of the hollow-fiber membrane with SEM confirmed that the inner and outer surfaces 
have a smooth structure with no recognizable pores or unevenness even at a magnification of 5000, and that the interior 
of the membrane has a homogeneous structure. 

30 The performance of the hollow-fiber membrane of the module obtained was evaluated in the same manner as that 
described in Example 1. The results are shown in Table 1. 

Blood (37°C, hematocrit value: 28%, protein concentration: 7 g/dl) is introduced into the inner or outer sides of the 
hollow-fiber membrane at a flow rate of 200 ml/min to carry out hemof iltration. The ultrafiltration rate (ml/min • mmHg) 
per module was 25 ml/min • mmHg when the blood was flowed in the inner side, and 23 ml/min • mmHg when the 

35 blood was flowed in the outer side. There was substantially no difference between the two ultrafiltration rates. This result 
suggests that the membrane has a homogeneous structure. 

Example 4 

40 The raw material composed of cellulose triacetate (1 7% by weight) having a mean polymerization degree of about 
360 (Cellulose Triacetate LT 105 of Daicel Chemical Industries, Ltd.), the solvent N-methyl-2-pyrrolidone (58% by weight), 
the nonsolvent ethylene glycol (12.5% by weight) and glycerin (12.5% by weight) was heated to 180°C to obtain a dope 
solution. The solution was extruded at 144°C from the outer orifice of the tube-in-orifice spinneret, and nitrogen heated 
to 1 30°C was introduced into the center of the spinneret to obtain a hollow-fiber material. The hollow-fiber material was 

45 passed through the air in a distance of 4 mm, and then introduced to a coagulable liquid (25°C) bath (a mixture of water, 
N-methyl-2-pyrrolidone, ethylene glycol and glycerin (=61 : 27 : 6 : 6 by weight)) to complete the coagulation. Then, the 
coagulated material was washed with water, impregnated with a glycerin solution (60% by weight), and dried with a 
dryer to obtain hollow-fiber membrane having an inner diameter of 202 \xm, a membrane thickness of 25.6 jmm and a 
porosity of 67%. 

so As in Example 1 , observation of the hollow-fiber membrane with SEM confirmed that the inner and outer surfaces 
have a smooth structure with no recognizable pores or unevenness even at a magnification of 5000, and that the interior 
of the membrane has a homogeneous structure. 

The performances of the hollow-fiber membrane of the module obtained were evaluated in the same manner as 
that described in Example 1 . The results are shown in Table 1 . 

55 

Example 5 

The raw material composed of polyether sulfone (25% by weight) (a reduced viscosity in a dimethylformamide solu- 
tion (1% by weight) thereof being 0.7), polyvinylpyrrolidone (K-90)(3% by weight), the solvent N-methyl-2-pyrroIidone 
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(50% by weight), the nonsolvent Methylene glycol (1 5% by weight) and glycerin (7% by weight) was heated to 1 50°C to 
obtain a dope solution. The dope solution was extruded from the outer orifice of the tube-in-orrf ice spinneret, and nitrogen 
heated to 1 00°C was introduced into the center of the spinneret to obtain a hollow-fiber material. The hollow-fiber material 
was passed through the air in a distance of 4 mm, and then introduced to a coagulable liquid (30°C) bath (a mixture of 
5 water, N-methyl-2-pyrrolidone, triethytene glycol and glycerin (= 70 : 21 : 6 : 3 by weight)) to complete the coagulation. 
Then, the coagulated material was washed with water, impregnated with a glycerin solution (50% by weight), and dried 
with a dryer to obtain a hollow-fiber membrane having an inner diameter of 198 jim, a membrane thickness of 28 jam 
and a porosity of 63%. 

As in Example 1 , observation of the hollow-fiber membrane with SEM confirmed that the inner and outer surfaces 
w have a smooth structure with no recognizable pores or unevenness even at a magnification of 5000. and that the interior 
of the membrane has a homogeneous structure. 

The performances of the hollow-fiber membrane of the module obtained were evaluated in the same manner as 
that described in Example 1 . The results are shown in Table 1 . 

is Comparative Example 1 

The raw material composed of polyether sulfone (23% by weight) (a reduced viscosity in a dimethylformamide solu- 
tion (1% by weight) thereof being 0.52), the solvent N-methyl-2-pyrrolidone (38.5% by weight) and the nonsolvent pol- 
yethylene glycol # 200 (38.5% by weight) was heated to 1 30°C to obtain a dope solution. The dope solution was extruded 

20 from the outer orifice of the tube-in-orif ice spinneret, and nitrogen heated to 70°C was introduced into the center of the 
spinneret to obtain a hollow-f ber material. The hollow-fiber material was passed through the air in a distance of 2 mm, 
and then introduced to a coagulable liquid (30°C) bath (a mixture of water, N-methyl-2-pyrrolidone, polyethylene glycol 
#200 (= 70 : 15 : 15 by weight)) to complete the coagulation. Then, the coagulated material was washed with water, 
impregnated with a glycerin solution (50% by weight), and dried with a dryer to obtain hollow-fiber membrane having an 

25 inner diameter of 202 jim, a membrane thickness of 43 Jim and a porosity of 65%. 

Observation of the inner surface of the hollow-f toer membrane with a 5000-power SEM revealed large pores in the 
submicron region as shown in Fig. 6. Observation of the outer surface of the hollow-fiber membrane with a 5000-power 
SEM revealed pores and unevenness as shown in Fig. 7. Observation of a part (the interior of B line in Fig. 2) of the 
cross section (Fig. 2) of the hollow-fiber membrane along the line A-A shown in Fig. 1 at a magnification of 1 50 confirmed 

30 that the interior of the membrane has a finger-like structure as shown in Fig. 8. 

The performances of the hollow-fiber membrane of the module obtained were evaluated in the same manner as 
that described in Example 1 . The results are shown in Table 2. 

Comparative Example 2 

35 

The raw material composed of polyether sulfone (23% by weight) (a reduced viscosity in a dimethylformamide solu- 
tion (1% by weight) thereof being 0.52), the solvent N-methyl-2-pyrrolidone (38.5% by weight) and the nonsolvent pol- 
yethylene glycol #200 (38.5% by weight) was heated to 1 30° C to obtain a dope solution. The dope solution was extruded 
from the outer orifice of the tube-in-orif ice spinneret, and nitrogen heated to 40°C was introduced into the center of the 

40 spinneret to obtain a hollow-fiber material. The hollow-fiber material was passed through the air in a distance of 2 mm, 
and then introduced to a coagulable liquid (30°C) bath (a mixture of water. N-methyl-2-pyrrolidone and polyethylene 
glycol #200 (= 70 : 15 : 15 by weight)) to complete the coagulation. Then, the coagulated material was washed with 
water, impregnated with a gtycerin solution (50% by weight), and dried with a dryer to obtain a hollow-fiber membrane 
having an inner diameter of 199 jxm, a membrane thickness of 33 fjim and a porosity of 73%. 

45 As in Comparative Example 1 , observation of the hollow-f toer membrane with SEM confirmed that the inner and 
outer surfaces have pores and/or unevenness even at a magnification of 5000, although the interior of the membrane 
had a nearly homogeneous structure (Figs. 9-1 1). 

The properties of the hollow-fiber membrane of the module obtained were evaluated in the same manner as that 
described in Example 1 . The results are shown in Table 2. 

50 

Comparative Example 3 

The raw material composed of cellulose triacetate (24% by weight) having a mean polymerization degree of about 
330 (Cellulose Triacetate LT 85 of Daicel Chemical Industries, Ltd.), the solvent N-methyl-2-pyrrolidone (53% by weight) 
55 and the nonsolvent ethylene glycol (23% by weight) was heated to 180°C to obtain a dope solution. The dope solution 
was extruded from the outer orifice of the tube-in-orrf ice spinneret, and liquid paraffin was introduced into the center of 
the spinneret to obtain a hollow-fiber material. The hollow-fiber material was passed through the air in a distance of 40 
mm, and then introduced to a coagulable liquid bath (20°C) (a mixture of water, N-methyl-2-pyrrolidone and ethylene 
glycol (= 60 : 28 : 12 by weight)) to complete the coagulation. Then, the coagulated material was washed with water, 
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impregnated with a glycerin solution (50% by weight), and dried with a dryer to obtain a hollow-fiber membrane having 
an inner diameter of 195 \im, a membrane thickness of 15 pm and a porosity of 79%. 

The performances of the hollow-fiber membrane of the module obtained were evaluated in the same manner as 
that described in Example 1 . The results are shown in Table 2. 

5 

Comparative Example 4 

The raw material composed of cellulose triacetate (24% by weight) having a mean polymerization degree of about 
330 (Cellulose Triacetate LT 85 of Daicel Chemical Industries, Ltd.), the solvent N-methyl-2-pyrrolidone (53% by weight) 

w and the nonsolvent ethylene glycol (23% by weight) was heated to 180°C to obtain a dope solution. The dope solution 
was extruded from the cuter orifice of the iube-in-orifice spinneret, and liquid paraffin was introduced into the center of 
the spinneret to obtain a hollow-ffoer material. The hollow-fiber material was passed through the air in a distance of 15 
mm, and introduced to a coagulable liquid (25°C) bath (a mixture of water, N-methyl-2-pyrrolidone and triethylene glycol 
(= 63 : 26 : 11 by weight)). Because the spinnability was unstable, the hollow-fiber membrane was stretched (12%) in 

75 the coagulable liquid bath to complete the coagulation. Then, the coagulated material was washed with water, impreg- 
nated with glycerin (56% by weight), and dried with a dryer to obtain hollow-fiber membrane having an inner diameter 
of 195 jim, a membrane thickness of 15 \im and a porosity of 79%. 

The performances of the hollow-fiber membrane of the module obtained were evaluated in the same manner as 
that described in Example 1 . The results are shown in Table 2. 

20 



Table 1 





Ex. 1 


Ex.2 


Ex.3 


Ex. 4 


Ex.5 


Membrane thickness 

0"Tl) 


20 


21 


29 


26 


28 


Inner diameter (jjim) 


195 


201 


200 


202 


198 


Porosity (%) 


83 


78 


69 


67 


63 


SCalb 


<0.01 


<0.01 


<0.01 


<0.01 


<0.01 


UFR water 
(ml/m2 • Hr • 
mmHg) 


250 


50 


145 


183 


195 


Membrane structure 


Homogene- 
ous, Smooth 


Homogene- 
ous, Smooth 


Homogene- 
ous, Smooth 


Homogene- 
ous, Smooth 


Homogeneous, Smooth 


SC P2-MG 












Qf10 


0.59 


0.75 


0.87 


0.88 


0.85 


Qf50 


0.57 


0.64 


0.75 


0.72 


0.68 


Retention ratio (%) 


97 


85 


86 


82 


80 


UFR blood 












15min ml/m 2 hr mmHg 


20.5 


19.5 


16.5 


25 


23.5 


5hr 


19.2 


18.4 


13.5 


22.7 


19.5 


Retention ratio (%) 


94 


94 


82 


91 


83 


Qf(TMP300mmHg) 
ml/min 


70 


71 


71 


92 


86 
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Table 2 





Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Membrane thickness 
Qim) 


43 


33 


15 


25 


Inner diameter (jim) 


202 


199 


197 


200 


rorosity ^7b/ 


DO 


7Q 


"7Q 


CO 

DO 




n r\oi 


\J.\J \C 


<U. U 1 


<U.U 1 


Lir n waier 
(ml/m2 . Hr • 
mmHg) 


1 on 
1UU 


1 *zn 

1 DU 




ICC 

1 DO 


Membrane structure 


Micropores, Une- 
ven, Finger-like 


Micropores, 
Uneven, Nearly 
homogeneous 


Nearly homogeneous 


Nearly homogeneous 


SC P2-MG 










Qf10 


0.71 


0.68 


0.65 


0.88 


Qf50 


0.48 


0.33 


0.29 


0.44 


Retention ratio (%) 


68 


49 


45 


50 


UFR blood 










15min ml/m 2 hr 
mmHg 


18.5 


17.5 


15.1 


17.4 


5hr 


10.3 


12.5 


10.9 


12.9 


Retention ratio (%) 


56 


71 


72 


74 


Qf(TMP300mmHg) 
ml/mi n 


41 


45 


46 


62 



As described above, the present invention provides a blood purification membrane suitable for therapies in which 
a large amount of water is removed (e.g., hemodiaf iltration and hemof iltration), as well as for conventional hemodialysis. 
The present invention also provides a process for producing the blood purification membrane, and a module for blood 
40 purification packed with the blood purification membrane. 

The module of the invention can maintain stable removal of a large amount of water in therapies in which a large 
amount of water is removed. In addition, the module can efficiently remove uremigenic substances such as P2-MG as 
well as a large amount of water by dialysis or filtration. 

Thus, the module of the invention can stably be used for the therapy for chronic renal failure, etc. in the case of the 
45 removal of a large amount of water. 

Claims 

1. A blood purification membrane having a membrane thickness of 10 to 35 jxm, an inner diameter of 100 to 300 pm, 
so a porosity of 50 to 85%, a water permeability (ultrafiltration rate) at 37°C of not less than 20 ml/m 2 • Hr • mmHg 

and a sieving coefficient of albumin of not more than 0.01, a substantially homogeneous interior structure, and a 
smooth surface structure. 

2. A membrane having a membrane thickness of 1 0 to 35 an inner diameter of 1 00 to 300 jim, a porosity of 50 to 
55 85%, a water permeability (ultrafiltration rate) at 37°C of not less than 20 ml/m 2 • Hr • mmHg, a sieving coefficient 

of albumin of not more than 0.01 , and a sieving coefficient retention of not less than 60% t said sieving coefficient 
retention being a ratio of a sieving coefficient of p2-microg!obulin in hemof iltration at a filtration flow rate of 50 ml/min 
to a sieving coefficient of p2-microglobulin in hemof iltration at a filtration f bw rate of 1 0 ml/min when the hemof iltration 



13 



EP 0 716 859 A2 

is carried out by flowing bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl through 
a module packed with the membrane at a flow rate of 200 ml/min. 

3. The membrane according to claim 1 having a sieving coefficient retention of not less than 60%, said sieving coef- 
5 ficient retention being a ratio of a sieving coefficient of p2-microglobulin in hemofiltration at a filtration flow rate of 

50 ml/min to a sieving coefficient of p2-microg!obu!in in hemofiltration at a filtration flow rate of 10 ml/min when the 
hemofiltration is carried out by flowing bovine blood having a hematocrit value of 30% and a protein concentration 
of 7 g/dl through a module packed with the membrane at a flow rate of 200 ml/min. 

w 4. A membrane having a membrane thickness of 10 to 35 ftm, an inner diameter of 1 00 to 300 urn. a porosity of 50 to 
85%. a water permeability (ulirafiiiranon rate) at 37°C of not less than 20 ml/m 2 • Hr • mm Hg, a sieving coefficient 
of albumin of not more than 0.01, and an ultrafiltration rate retention of not less than 80%, said ultrafiltration rate 
retention being a ratio of a water ultrafiltration rate in hemofiltration at a filtration flow rate of 50 ml/min to a water 
ultrafiltration rate in hemofiltration at a filtration flow rate of 1 0 ml/min when the hemof ittration is carri ed out by flowing 

15 bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl through a module packed with 
the membrane at a flow rate of 200 ml/min. 

5. The membrane of any one of claims 1 to 3 having a ultrafiltration rate retention of not less than 80%, said ultrafiltration 
rate retention being a ratio of an ultrafiltration rate 5 hours after the beginning of hemofiltration to an ultrafiltration 

20 rate 15 minutes after the beginning of hemofiltration when the hemofiltration is carried out at a filtration rate of 50 
ml/min by flowing bovine blood having a hematocrit value of 30% and a protein concentration of 7 g/dl through a 
module packed with the membrane at a flow rate of 200 ml/min. 

6. A membrane having a membrane thickness of 10 to 35 jim, an inner diameter of 100 to 300 jam, a porosity of 50 to 
25 85%, a water permeability (ultrafiltration rate) at 37°C of not less than 20 ml/m 2 • Hr • mm Hg, a sieving coefficient 

of albumin of not more than 0.01 , and a filtration flow rate per module of not less than 70 ml/min when hemofiltration 
is carried out at a transmembrane pressure of 300 mmHg by flowing bovine blood having a hematocrit value of 30% 
and a protein concentration of 7 g/dl through a module packed with the membrane at a flow rate of 200 ml/min. 

30 7. The membrane according to any one of claims 1 to 4 and claim 6 having a filtration flow rate per module of not less 
than 70 ml/min when hemofiltration is carried out at a transmembrane pressure of 300 mmHg by flowing bovine 
blood having a hematocrit value of 30% and a protein concentration of 7 g/dl through a module packed with the 
membrane at a flow rate of 200 ml/min. 

35 8. The membrane according to any one of claims 1 to 4 and 6, main materials of which are composed of one or more 
polymers selected from polysulfone polymers and cellulose polymers. 

9. The membrane according to any one of claims 1 to 4 and 6, which is a hollow-fiber membrane. 

40 10. A process for producing a hollow-fiber membrane by air-gap spinning, which comprises extruding a spinning dope 
from a tube-in-orif ice spinneret, introducing a gas as a bore-forming agent into the center of the spinneret, passing 
the extruded spinning dope through the air, and coagulating the dope through a coagulable liquid, the temperature 
of said gas being at least 20°C higher than the temperature of the coagulable liquid. 

45 11. The process according to claim 1 0, wherein spinning is carried out with substantially no stretching. 

12. The process according to claim 10 or 1 1, wherein glycerin is added to the spinning dope as a nonsotverrt. 

1 3. A module packed with a membrane as claimed in any one of claims 1 to 4 and 6 in a packing ratio of 40 to 80% and 
so an effective membrane area of 0.9 to 2.5 m 2 . 
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